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Abstract. Toroidal obscuration is a keystone of AGN unification. There is now direct evi- 
dence for the torus emission in infrared, and possibly water masers. Here I summarize the 
torus properties, its possible relation to the immediate molecular environment of the AGN 
and present some speculations on how it might evolve with the AGN luminosity. 
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1. Introduction 



Although there are numerous classes of ac- 
tive galactic nuclei (AGN), a unified scheme 
has been emerging steadily ( e.g., lAntonuccii 
ll993HUrry & Padovanii [19951) . The nuclear ac- 
tivity is powered by a supermassive (~10^- 
10'° Mq) black hole and its accretion disk. 
This central engine is surrounded by a dusty 
torus, which can be considered an acronym for 
Toroidal Obscuration Required by Unification 
Schemes: much of the observed diversity is 
simply explained as the result of viewing this 
axisymmetric geometry from different angles. 
Because of the anisotropic obscuration of the 
central region, sources viewed face-on are rec- 
ognized as "type 1", those observed edge- 
on are "type 2". From ba sic considerations, 
iKrohk & BegelmanI (Il988l) concluded that the 
obscuration is likely to consist of a large num- 
ber of individually very optically thick dusty 
clouds. 



2. Torus Properties 

2.1. Obscuration 

There are clear indications that the optical 
depth at visual in the torus equatorial plane is 
at least Ty > 10. If the dust abundance in the 
torus is similar to Galactic interstellar regions, 
the equatorial column density is at least A^h ^ 
2x10^2 cm-2. 

The classification of AGN into types 1 and 
2 is based on the extent to which the nuclear 
region is visible, therefore source statistics can 
determine the angular extent of the torus ob- 
scuration. In its standard formulation, the uni- 
fication approach posits the viewing angle as 
the sole factor in determining the AGN type. 
This is indeed the case for a smooth-density 
torus that is optically thick within the angular 
width cr (figure[Tl left sketch). If /2 denotes the 
fraction of type 2 sources in the total popula- 
tion, the n f? - sin cr. F r om sta tistics of Seyfert 
galaxies ISchmitt et all ( l200lh find that /2 - 
70%. and deduce cr - 45°. If H denotes the 
torus height at its outer radius Ro, this implies 
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Fig. 1. AGN classification according to unified 
schemes. Left: In a smooth-density torus, the 
viewing angle (from the axis) / = jn - cr sepa- 
rates between type 1 and type 2 viewing. Right: 
In a clumpy, soft-edge torus, the probability 
for direct viewing of the AGN decreases away 
from the axis, but is always finite. 



HIRq ~ 1 . Taking account of the torus dumpi- 
ness modifies this relation fundamentally, as is 
evident from the right sketch in figure [T] the 
obscuration of the central engine becomes a 
viewing-angle dependent probability that de- 
pends on both the width of the cloud angular 
distribution and the number of clouds along the 
line of sight. In a Gaussian angular distribution 
with 5 clouds along radial rays in the equato- 
rial plan e, /2 = 70% ir nplies cr = 33° and H/Rq 
~ 0.7 (Nenkova et aUl2008b). The clumpy na- 
ture of the obscuration also implies that AGN 
can occasionally flip between types 1 and 2, as 
observed (see A retxaga et all Il999l and refer- 
ences therein). 

2.2. IR Emission 

An obscuring dusty torus should reradiate in 
the IR the fraction of nuclear luminosity it ab- 
sorbs, and most AGNs do show significant IR 
emission. The top panel of figure |2] shows the 
composite type 1 spectra from a number of 
compilations. The optical/UV region shows the 
power law behavior expected from a hot disk 
emission. At A > Ifim, the SED shows the 
bump expected from dust emission. The bot- 
tom panel shows the same data after subtract- 
ing a power law fit through the short wave- 
lengths in a crude attempt to remove the direct 
AGN component and mimic the SED from an 
equatorial viewing of these sources according 
to the unification scheme. Indeed, the AGN- 
subtracted SED's resemble the observations of 
type 2 sources. Silicates reveal their presence 



in the dust through the 10 yum feature. The 
feature appears generally in emission in type 
1 sources and in absorption in type 2 sources 
(lHaoetal.Ll2007h . 

The torus dust emission has been resolved 
recently in 8-13 fj.ni interferometry with the 
VLTI. The first torus was detected in NGC 
1068 by Jaff'eetal. (2003) the second in 
Circinus by Tristra m et all (|2007|) . The lat- 
ter observations show evidence for the long 
anticipated clumpy structure. The dust tem- 
perature distributions deduced from these ob- 
servations indicate close proximity between 
hot (> 800 K) and much cooler (~ 200- 
300 K) dust. Such behavior is puzzling in 
the context of smooth-density calculations but 
is a natural consequen ce of clumpy models 
(lNenkovaetalll2008iJ) . 



2.3. Torus Size 

Obscuration statistics provide an estimate of 
the torus angular width cr - tan ' H/Rq (fig. 
[TJ; the obscuration does not depend individu- 
ally on either H or Rq, only on their ratio. To 
determine an actual size one must rely on the 
torus emission. The torus inner radius, R^, is 
set by dust sublimation as 



Rd - 0.4 L45 pc. 



(1) 



where L45 is the bolometric luminosity in units 
of 10"*^ ergs ', and high-resolution IR obser- 
vations trace the torus to an outer radius Rg ~ 
5-10/?d; there is no compelling evidence that 
torus clouds beyond ~ 20-30 j?d need be con - 
sidered (for details, see lNenkova et alil2008bh . 
A conservative upper bound on the torus outer 
radius is then Ro < 12 L^^ pc. 



2.4. Torus Orientation and tine Host 
Galaxy 

Since the active region is a galactic nu- 
cleus, some obscuration can arise from the 
host galaxy. However, although galactic ob- 
scuration affects some individual sources, the 
strong orientation-dependent absorption can- 
not be generally attributed to the host galaxy 
because the AGN axis, as traced by the jet 
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Fig. 2. SED's of type 1 sources. Top: Average 
spectra from the indicated compilations. 
Bottom: The same SED's after subtracting a 
power law fit through the short wavelengths (< 
lyum). These AGN-subtracted SED's are simi- 
lar to those observed in type 2 sources. 



position angle, is randomly oriented with re- 
spect to the g alactic disk in Seyfert galaxies 
dKinney et ali .2000 , ) and the nuclear d ust disk 
in radi o galaxies dSchmitt et all l2002h . In ad- 
dition, l^ainazzieFai] (l200l h find that heavily 
obscured AGN reside in a galactic environment 
that is as likely to be 'dust-poor' as 'dust-rich'. 



3. NGC 1068— Case Study of the 
Molecular Environment 

NGC 1068 is the archetype Seyfert 2 galaxy 
and one of the most studied active nuclei. 
While the galaxy is oriented roughly face- 
on, its AGN torus is edge-on to within ~5°, 
as indicated by the geometry and kinemat- 
icsof both water maser (Gr eenhill & Gwinn, 
ri997t iGallimore et all 1200 ih and narrow-line 
emission dCrenshaw & Kraemeii 12000.) . The 
masers trace the disk to < Ipc, inside the 
torus which is t raced by IR to ~ 2-3 pc 
dJaffe et ali l2004l) . A nearly edge-on molecu- 



lar structure is traced to distances much larger 
than the torus outer edge. lGalliano et aD d2003h 
model the CO and H2 emission from the cen- 
tral region with a clumpy molecular disk tilted 
roughly 15° from edge on. The disk has a ra- 
dius of 140 pc and scale height of 20 pc, for 
H/R ~ 0.15. Fr om CO velocity dispersions, 
ISchinnerer et alJ (2000) find the same H/R ~ 
0.15 at 7? ^70 pc. Thus, although resem- 
bling the putative torus, the detected molecu- 
lar clouds are located in a thin disk-like struc- 
ture, that does not meet the unification scheme 
requirement H/R ~ 1, outside the torus. The 
molecular disk orientation is much closer to 
the AGN than the host galaxy. Recent adaptive 
optics observations by Miille rSanchez et all 
((2008) show evidence for molecular clumps 
in infall centered on the nucleus, on a scale 
of only ~ lOpc. Imagi ng polarimetry at lOjum 
by iPackham et al.l d2007i) shed some light on 
the continuity between the torus and the host 
galaxy's nuclear environment. 

These observations suggest that the AGN 
in NGC 1068 might be at the center of a disk 
that extends beyond 100 pc, misaligned with 
the galactic disk. While this central disk has 
a warped structure, it maintains its orientation 
to within ~ 15° and thickness (H/R) to within 
~0.15. The disk outer regions are traced by 
molecular emission, the very inner regions (< 
10^ Schwarzchild radii) provide the direct ac- 
cretion channel for the black hole. In between, 
the broad lines region (BLR) and torus clouds 
form structures much thicker than the disk. 



4. The BLR/TOR Continuity 

Two different types of observations show that 
the torus is a smooth continuation of the broad 
lines region, not a sep arate entity. IR reyerber- 
ation observations by ISuganuma et al.l d2006h 
measure the time lag of the dust radiative re- 
sponse to temporal variations of the AGN lu- 
minosity, determining the torus innermost ra- 
dius. Their results show that this radius scales 
with luminosity as L'^^ and is uncorrected 
with the black hole mass, demonstrating that 
the torus inner boundary is controlled by dust 
sublimation (eq. [1]), not by dynamical pro- 
cesses. Moreover, in each AGN for which both 
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data exist, the IR time lag is the upper bound 
on all time lags measured in the broad lines, a 
relation verified over a range of 10*' in luminos- 
ity. This finding shows that the BLR extends 
outward all the way to the inn er boundary of 
the du sty torus, validating the iNetzer & Laorl 
(1199?) proposal that the BLR size is bounded 
by dust sublimati on. The other evidence is the 
finding by iRisaliti et all ( |2002|) that the X-ray 
absorbing columns in Seyfert 2 galaxies dis- 
play time variations caused by cloud transit 
across the line of sight. Most variations come 
from clouds that are dust free because of their 
proximity (< 0.1 pc) to the AGN, but some 
involve dusty clouds at a few pc. Other than 
the different time scales for variability, there 
is no discernible difference between the dust- 
free and dusty X-ray absorbing clouds, nor are 
there any gaps in the distribution. These obser- 
vations show that the X-ray absorption, broad 
line emission and dust obscuration and repro- 
cessing are produced by a single, continuous 
distribution of clouds. The different radiative 
signatures merely reflect the change in cloud 
composition across the dust sublimation ra- 
dius Rd. The inner clouds are dust free. Their 
gas is directly exposed to the AGN ionizing 
continuum, therefore it is atomic and ionized, 
producing the broad emission lines. The outer 
clouds are dusty, therefore their gas is shielded 
from the ionizing radiation, and the atomic line 
emission is quenched. Instead, these clouds are 
molecular and dusty, obscuring the optical/UV 
emission from the inner regions and emitting 
IR. Thus the BLR occupies r < R^ while the 
torus is simply the r > R^ region. Both re- 
gions absorb X-rays, but because most of the 
clouds along each radial ray reside in its BLR 
segment, that is where the bulk of the X-ray 
obscuration is produced. Since the unification 
torus is just the outer portion of the cloud dis- 
tribution and not an independent structure, it is 
appropriate to rename it the TOR for Toroidal 
Obscuration Region. 

4.1. Outflow origin for tlie BLR/TOR? 

The merger of the BLR ionized clouds and 
TOR dusty clouds into a single population 
fits naturally into a scenario first proposed 



by lEmmering et al.l (Il992h . involving the out- 
flow of clouds embedded in a hydromag- 
netic disk wind. The clouds are accelerated 
by the system rotation along magnetic field 
lin es anchored in the disk, as first described 
bv lBlandford & Pavne](ll982l) . In this approach 
the TOR is that region in the wind which 
happens to provide the required toroidal ob- 
scuration because the clouds there are dusty 
and optically thick. The mounting evidence 
for cloud outflow with the geo met ry and 



)metr y and 



kinematics of disk winds (e.g., lElv 
Gallagher & Everett, 2007) is in accord with 
the outflow paradigm. 

The wind scenario for the AGN toroidal 
obscuration unifies natura lly the different com- 
ponen ts of the system JElitzur & Shlosmam 
|2006|) . The AGN accretion disk appears to 
be fed by a midplane infl ux of cold, clumpy 
material JShlosman et al.L 11990 , and refer- 
ences therein). Approaching the center, con- 
ditions for developing hydromagnetically- or 
radiatively-driven winds above this equatorial 
inflow become more favorable. The disk-wind 
rotating geometry provides a natural channel 
for ang ular moment u m out flow from the disk 
(Blandf ord&Pavnel |1982|) and is found on 
many spatial scales, from protostars to AGN. 
The composition along each streamline re- 
flects the origin of the outflow material at the 
disk surface. The disk outer regions are dusty 
and molecular, as observ ed in water m asers 
in some edge-on cases JGreenhilll |2005|) . and 
clouds uplifted from these outer regions feed 
the TOR. Such clouds have been detected in 
water maser observations of Circinus and NGC 
3079. The Circinus Seyfert 2 core provides the 
best glimpse of the AGN dusty/molecular com- 
ponent. Water masers trace both a Keplerian 
disk and a disk outflow dGreenhill et al.. 2003). 
Dust emission at 8-13//m shows a disk em- 
bedded in a slightl y cooler and larger, ge omet- 
rically thick torus dTristram et al.L l2007l) . The 
dusty disk coincides with the maser disk in 
both orientation and size. The outflow masers 
trace only parts of the torus. The lack of 
full coverage can be attributed to the selec- 
tivity of maser operation — strong emission re- 
quires both pump action to invert the maser 
molecules in individual clouds and coinci- 
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dence along the line of sight in both position 
and v elocity of two maser clouds dKartje et all 
119991) . In NGC 3079, four maser features were 
found significantly out of the plane of the 
maser-traced disk yet their line-of-sight ve- 
locities reflect the vel ocity of the most proxi- 
mate side of the disk. iKondratko et al.l (l2005h 
note tha t this can be exp lained if, as pro- 
posed bv JKartie et al.l(ll999l) . maser clouds rise 
to high latitudes above the rotating structure 
while still maintaining, to some degree, the ro- 
tational velocity imprinted by the parent disk. 
Because the detected maser emission involves 
cloud-cloud amplification that requires precise 
alignment in both position and velocity along 
the line-of-sight, the discovery of four high- 
latitude maser features implies the existence of 
many more such clouds partaking in the out- 
flow in this source. Moving inward from the 
dusty /molecular regions, at some smaller ra- 
dius the dust is destroyed and the disk compo- 
sition switches to atomic and ionized, produc- 
ing a double-pea k signature in some emission 
line profiles (Er acleousl |2004|) . The outflow 
from the atomic/ionized inner region feeds the 
BLR and produces many atomic line signa- 
tures, in cluding ev i dence for the disk wind ge- 
ometry ( lHalletal.Ll2003l) . 



The outflow paradigm requires only the ac- 
cretion disk and the clumpy outflow it gen- 
erates. Cloud radial distance from the AGN 
center and vertical height above the accre- 
tion disk explain the rich variety of observed 
radiative phenomena. In both the inner and 
outer outflow regions, as the clouds rise and 
move away from the disk they expand and 
lose their column density, limiting the verti- 
cal scope of X-ray absorption, broad line emis- 
sion and dust obscuration and emission. The 
result is a toroidal geometry for both the BLR 
and the TOR. With further rise and expansion, 
the density decreases so the ionization parame- 
ter increases, turning the clouds into members 
of the warm absorber population. Similar con- 
siderations can explain the broad absorption 
lines ob served in some q uasars (BAL/QSO; 



[Gallagher & Everetl 



s ome q u 
i 120071) . 



4.2. TOR Cloud Properties 

From IR modeling, the optical depth of indi- 
vidu al clouds should lie in th e range ry ~ 30- 
100 JNenkova et all l2008bl) . Assuming stan- 
dard dust-to-gas ratio, the cloud column den- 
sity is A^H ~ 10^^-10^^ cm"-. The cloud density 
can be constrained separately because it must 
be able to withstand the black-hole tidal shear- 
ing eff'ect. Resistance to tidal shearing sets a 
lower limit on the density of the cloud Wci, lead- 
ing to uppe r limits on its size Rc i and m ass Md 
as follows dElitzur & Shlosmanil2006l) : 

"ci > lO'^cm-3, 

' pc 

Rd < 1016— —^ cm, (2) 

M,^ 

Mel < 7x10-3 A?H,23/??6^0 

In these expressions rpc is the distance in pc 
from a black-hole with mass M.j in 10^ Mq, 
«7 = «ci/(10^cm-3),A?H_23 = A?H/(1023cm-2) 
and Rid - Rd/{10^^ cm). The resistance to 
tidal shearing does not guarantee confinement 
against the dispersive force of internal pres- 
sure. Self-gravity cannot confine these clouds 
because their low masses provide gravitational 
confinement only against internal motions with 
velocities < 0.1 kms"'. A corollary is that 
these clouds cannot collapse gravitationally 
to form stars. While self-gravity cannot hold 
a cloud together against dispersal, an exter- 

1 /2 

nal magnetic field B ~ 1.5 o-^n.j mG would 
suffice if the internal velocity dispersion is 
0-5x1 km s^^ Clouds with these very same 
properties can explain the masers detected in 
Circinus and NGC 3079, adding support to the 
suggestion that the outflow water masers are 
yet another manifestation of the dusty, molec- 
ular clouds that make up the torus region of the 
disk-wind. Proper motion measurements and 
comparisons of the disk and outflow masers of- 
fer a most promising means to probe the struc- 
ture and motion of TOR clouds. 

The Resistance to tidal shearing dictates 
that the density inside the cloud increase as 
1 /r^ as it gets closer to the central black-hole 
(eq. |2]i. A cloud of a given density can ex- 
ist only beyond a certain radial distance; only 
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denser clouds can survive at smaller radii, lead- 
ing to a radially stratified structure. Similarly, 
the Keplerian velocity increases as 1/r'^^ as 
the black-hole is approached. Typical BLR 
cloud densities and velocities occur at r ~ 
10'''-10'^ cm. It is possible that the BLR in- 
ner boundary occurs where the clouds can no 
longer overcome the black-hole tidal shearing. 



4.3. The AGN Low-Luminosity End 

The total TOR mass outflow rate, calculated 
using the properties of single clouds listed in 
eq. |2] exceeds its accretion rate when L < 
10"*^ ergs"'. Therefore, a key prediction of 
the wind scenario is that the torus disappears 
at low bolometric luminosities because mass 
accretion can no longer sustain the required 
clou d outflow rate, i.e., the large column densi- 
ties JElitzur & Shlosmanll2006l) . Observations 
seem to corroborate this prediction. In an 
HST study of a complete sample of low- 
luminosity (< lO**^ ergs"') FR I radio galax- 
ies, Chiabergeet al. (1999) detected the com- 
pact core in 85% of sources. Since the ra- 
dio selection is unbiased with respect to the 
AGN orientation, FR I sources should con- 
tain similar numbers of type 1 and type 2 
objects, and Chiaberge et al suggested that 
the high detection rate of the central com- 
pact core implies the absence of an obscur- 
in g torus. This suggestion was corroborated 
bv lWhvsong & Antonuccil (l2004l) who demon- 
strated the absence of a dusty torus in M87, 
one of the sources in the FR I sample, by plac- 
ing stringent limits on its thermal IR emission. 
Observations by Perlman et al. (2007) further 
solidified this conclusion. The behavior dis- 
played by M87 appears to be common in FR 
I sources. Van der Wolk et al (private com- 
munication) performed high resolution 12 jum 
imaging observations of the nuclei of 27 ra- 
dio galaxies with the VISIR instrument on the 
VLT. These observations provide strong con- 
firmation of the torus disappearance in FR 
I sources. They show that all the FR I ob- 
jects in the sample lack dusty torus thermal 
emission, although they have non-thermal nu- 
clei. Thermal dust emission was detected in 
about half the FR II nuclei, which generally 



have higher luminosities. In contrast, in al- 
most all broad line radio galaxies in the sample 
the observati ons detected the th ermal nucleus. 
Significantly. lOgle et aP (l2007h find that most 
FR I and half of FR II sources have L/Z-Edd < 
3 • 10"^, while all sources with broad Balmer 
lines have L/Lndd > 3 ■ lO""* (note that Lndd - 
IQ'^^M.j ergs"'). 

The AGNs known as LINERs provide ad- 
ditional evidence for the torus disappearance. 
iMaoz et al] ( l2005h conducted UV monitoring 
of LINERs with L< lO"*^ erg s"' and detected 
variability in most of them. This demonstrates 
that the AGN makes a significant contribu- 
tion to the UV radiation in each of the mon- 
itored sources and that it is relatively unob- 
scured in all the observed LINERs, which in- 
cluded both type 1 and type 2. Furthermore, 
the histograms of UV colors of the type 1 and 
2 LINERs show an overlap between the two 
populations, with the difference between the 
histogram peaks corresponding to dust obscu- 
ration in the type 2 objects of only ~ 1 mag- 
nitude in the R band. Such toroidal obscura- 
tion is minute in comparison with the torus ob- 
scuration in higher luminosity AGN. The pre- 
dicted torus disappearance at low L does not 
imply that the cloud component of the disk 
wind is abruptly extinguished, only that its out- 
flow rate is less than required by the IR emis- 
sion observed in quasars and high-luminosity 
Seyferts. When the outflow drops below these 
"standard" torus values, the outflow still pro- 
vides toroidal obscuration as long as its col- 
umn exceeds ~ 10^' cm"^. Indeed, Maoz et al 
find that some LINERs do have obscuration, 
but much smaller than "standard". Line trans- 
mission through a low-obscuration torus might 
also explain the lo w polarizati o ns of broad Ha 
lines observed by iBarth et aP d 19991) in some 
low luminosity systems. 

If the toroidal obscuration were the only 
component removed from the system, all low 
luminosity AGN would become type 1 sources. 
In fact, among the LINERs monitored and 
found to be variable by Maoz et al there were 
both sources with broad Ha wings (type 1) 
and those without (type 2). Since all objects 
are relatively unobscured, the broad line com- 
ponent is truly missing in the type 2 sources 



Elitzur: The AGN Toms 



in this sample. Similarly, iPanessa & Bassanil 
(l2002h note that the BLR is weak or absent in 
low luminosity AGN, and lLaorl(l2003l) presents 
arguments that some "true" type 2 sources, 
i.e., having no obscured BLR, do exist among 
AGNs with L < lO'^^ergs"'. The absence of 
broad lines in these sources cannot be at- 
tributed to toroidal obscuration because their 
X-ray emission is largely unobscured. These 
findings have a simple explanation if when L 
decreases further beyond the disappearance of 
the TOR outflow, the suppression of mass out- 
flow spreads radially inward from the disk's 
dusty, molecular region into its atomic, ionized 
zone. Then the torus disappearance, i.e., re- 
moval of the toroidal obscuration by the dusty 
wind, would be followed by a diminished out- 
flow from the inner ionized zone and disap- 
pearance of the BLR at some lower luminosity. 
Indeed, a recent review by Ho (2008) presents 
extensive observational evidence for the dis- 
appearance of the torus and the BLR in low 
luminosity AGN. Such an inward progression 
of the outflow turnoff as the accretion rate de- 
creases can be expected naturally in the con- 
text of disk winds because mass outflow in- 
creases with the disk area. A diminished sup- 
ply of accreted mass may suffice to support 
an outflow from the inner parts of the disk 
but not from the larger area of its outer re- 
gions. And with further decrease in inflow rate, 
even the smaller inner area cannot sustain the 
disk outflow. Since the accreted mass cannot 
be channeled in full into the central black hole, 
the system must find another channel for re- 
lease of the excess accreted mass, and the only 
one re maining is the radio jets. Indeed, Ho 
(l2002h finds that the AGN radio loudness K = 
^radio/^opt IS inversely correlated with the mass 
ac cretion rate L/LEdd- T his finding is supported 
by ISikora et al.l (1200/), who have greatly ex- 
panded this correlation and found an intrigu- 
ing result: ?? indeed increases inversely with 
L/LEdd, but only so long as L/Lem remains > 
10"^. At smaller accretion rates, which include 
all FR I radio galaxies, the radio loudness sat- 
urates and remains constant at "R ~10'*. This is 
precisely the expected behavior if as the out- 
flow diminishes, the jets are fed an increasingly 
larger fraction of the accreted mass and finally. 



once the outflow is extinguished, all the inflow- 
ing material not funneled into the black hole 
is channeled into the jets, whose feeding thus 
saturates at a high conversion efficiency of ac- 
creted mass. It is important to note that radio 
loudness reflects the relative contribution of ra- 
dio to the overall radiative emission; a source 
can be radio loud even at a low level of radio 
emission if its overall luminosity is small, and 
vice versa. 
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Fig. 3. Conjectured scheme for AGN evolution 
with decreasing accretion rate. 

The evolutionary scheme just outlines is 
sketched in figure |3] A similar anti-correlation 
between radio loudness and accretion rate ex- 
ists also in X-ray binaries. These sources dis- 
play switches between radio quiet states of 
high X-ray emission and radio loud state s 
with low X-ray emission ( Fend er et all 120041) . 
While in X-ray binaries this behavior can be 
followed with time in a given source, in AGN 
it is only manifested statistically. Comparative 
studies of AGN and X-ray binaries seem to be 
a most useful avenue to pursue. 
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